A preliminary sampling campaign was conducted at a U.S. Veterans Affairs (VA) hospital for five consecutive days in April of 2009 to develop appropriate sampling protocols and refine the sampling and analysis methods. VOCs were sampled using active, passive and real-time methods. Each sampling method has unique advantages and drawbacks for exposure assessment in healthcare facilities. Thermal desorption tubes used with sampling pumps provide a useful means of personal sampling, the ability to concentrate low-level chemicals during sampling, and sample stability prior to analysis; however, adsorbent overload and the need for sampling pumps and tubing (which can be problematic in hospital settings), limit the applicability of this technique. Evacuated stainless steel canisters equipped with flow controllers allow whole-air samples to be collected over variable durations, provide large volume samples for multiple analyses, and do not require sampling pumps.
by OSHA Method 1002 [5] with a mass spectrometer detector. The results of the preliminary sampling (data not shown) indicated elevated concentrations of alcohols amidst lower concentrations of other VOCs of interest. This combination of chemicals (greater than 50 identified per sample) and concentrations (ppb to ppm range) presented a challenging mixed exposure environment for sampling and analysis. The multi-bed sorbent in the thermal desorption tubes was overwhelmed by high-levels of alcohols, making them unsuitable for quantifying low-level VOC exposures in healthcare settings.
Passive badges were also unsuitable for sampling in this work environment because of a lack of quantifiable adsorption kinetics as well as poor sensitivity for many low-level analytes. In contrast, evacuated-canister, whole-air samples offered a uniquely suitable approach for handling this wide range of exposures because a single sample could be split for multiple analyses at both µg/m 3 -and mg/m 3 -level concentrations. [2] Exposure Estimates
Geometric means and standard deviations for VOC measurements are provided by occupation and sampler type in Table S1 . In addition to the indoor air quality guidelines mentioned in the main text, the US Green Building Council promulgates a framework for the testing and certification of green building design, construction, operation, and maintenance; the framework is termed Leadership in Energy and Environmental Design (LEED) and includes consensus standards for VOC concentrations. [6] LEED recommends less than 200 μg/m 3 for the sum of VOCs measured by EPA Compendium of Methods for the Determination of Air Pollutants in Indoor Air, [7] which includes IP-1A (canister-based method) and IP-1B (sorbent-based method). This value is consistent with the German government's recommendations and is two to three times lower than those of Japan and Hong Kong. TVOCMIX, an underestimate of TVOC, clearly exceeded these stringent recommendations by an order of magnitude or more. These recommendations were purportedly established to improve/maintain indoor air quality for health, comfort, and productivity. [8] While the strategy of the Canadian National Research Council for accomplishing these VOC levels, including source contaminant control and dilution ventilation, are practical and appropriate, these levels may not be realistically achieved in a hospital setting due to the variety of sources present and the general absence of fixed location sources. Hand sanitation and cleaning product use, for example, are two primary sources of VOC exposure in healthcare settings.
These exposures are difficult to control at the source due to their ubiquitous use throughout a facility.
Qualitatively identified compounds are displayed in Table S2 . 
Supporting Task and Product Information
An understanding of the tasks performed and products used by occupation (Table S3) subsequently rotated using a maximization of the variance (varimax rotation) to produce orthogonal factor loadings.
The analyte influence on the five factors is displayed as factor loadings in Figure S1A . and α-pinene, which are terpenes and may be indicative cleaning product use or due to the sampling environment from natural sources such as citrus fruit and coniferous trees; Factor 3 -2-propanol, which is an alcohol used for disinfection; Factor 4 -toluene, which is an aromatic and may be indicative of solvent use; and Factor 5 -methyl methacrylate, which is a monomer of acrylic resin used in dentistry. All the chemicals listed in the factors above were positively correlated with the factor except for methyl methacrylate, which was negatively correlated.
Factor loadings were not influenced by three chemicals: ethanol, acetone, and methylene chloride. While specific sources could not be associated with each factor, these factors may represent a combination of tasks, occupations, and chemical groups contained in the products (Table S3 ).
The factor loadings are subsequently linked to the occupations as mean factor loadings in Figure S1b . The previous interpretation of positive and negative influence of analyte on factor is analogous to this interpretation of factor on occupation. This part of the figure may be used to relate the factor loadings, which are indicative of analyte influence, on the occupations that were measured to identify trends in exposure among specific occupations. Factor 1 (i.e., solvent use) is positively correlated with PT and CLT, which is consistent with observations that, e.g., CLT DLT, but most notably with DA and DLT, which is contrary to expectation. The lack of association with occupations may be due to the following: the inability of this factor to be realistically interpreted since factor 5 describes the least amount of variance retained in the model; the relatively small magnitude of the methyl methacrylate exposure compared to alcohols and aromatics.
